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Dr. Vincent R Hebert  
Associate Professor/Department of Entomology 
Laboratory Research Director 
Washington State University-Food and Environmental Quality Laboratory 
 
I have received the following documentation to aid in my review of the proposed regulations: 

1) A summary of the proposed actions (Attachment 1) 
2) A description of the scientific issues to be addressed (Attachment 2) 
3) Those individuals involved in the proposed fumigant regulations (Attachment 3) 
4) The amended text of proposed regulations (28 pages) 
5) Initial statement of reasons (ISR) and public report  
6) Main references used in the creation of the DPR review document included: 

a. Barry, T. “Methyl Bromide Emission Ratio Groupings”; memorandum, Dec. 2, 
1999; Department of Pesticide Regulation, CA. 

b. Barry, T. “Development of Methyl Isothiocyanate Buffer Zones Using the 
Probabilistic Exposure and Risk Model for Fumigants Version 2 (PERFUM2)”; 
memorandum, Jan. 27, 2006; Department of Pesticide Regulation, CA. 

c. Barry, T.; Spurlock, F.; Segawa, R. “Pesticide Volatile Organic Compound 
Emission Adjustments for Field conditions and Estimated Volatile Organic 
Compound Reductions - Initial Estimates”; DPR memorandum, Apr. 6, 2007 

d. Beard, K.K.; Murphy, P.G.; Fontain, D.D.; Weinberg, J.T. Monitoring of 
Potential Worker Exposure, Field Flux and Off-Site Air Concentration during 
Chloropicrin Field Application; Study I.D. HEH 160, 1996; Chloropicrin 
Manufacturers Task Force, CA. Performed under FIFRA Guideline 133-A-SS. 
282 of 701 pages received for this review. 

e. Gan, J.; Yates, S.R.; Spencer, W.F.; Yates, M.V.; Jury, W.A. Atmospheric 
pollutants and trace gases: Laboratory-scale measurements and simulations of 
effect of application methds on soil methyl bromide emissions.  J. Environ. Qual. 
26:310-317 (1997).  

f. Johnson, B. Calculation of emission potential factors for 1,3-dichloropropene for 
five areas for periods from May 1 through October 31. November 30, 2006. DPR 
memorandium 

g. Knuteson, J.A.; Petty, D.G.; Shurdut, B.A. “Field Volatility of 1,3-
Dichloropropene in Salinas Valley California”; Study I.D. ENV91011, 1992; 
DowElanco, MI.  Performed under 40CFR Part 160 Subdivision N Guideline 163-
3 Field Volatility. 89 of 130 pages received for this review. 

h. Pilling, R.L. “Carbon Disulfide Flux from Low Volume Emitter Application of 
Enzone®”; Study No. AA19, 1996; Entek Corp., CA. 107 of 512 pages received 
for this review. 

i. Rice, P.; White, M.T. “Basamid® (BAS 002 N) Air Monitoring Study in 
California”; Study No. 158884, 2004; BASF Corp., NC. Performed under 40CFR 
Part 160 Subdivision N Guideline 163-3 Field Volatility. 45 of 272 pages 
received for this review. 

j. Rotondaro, A. “Monitoring of Chloropicrin Emissions from Field and Greenhouse 
Drip Irrigation Applications, and Implied Worker Inhalation Exposure from Field 
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Applications of Chloropicrin by Shank Injection, Drip Irrigation Systems and at 
Tree Replant Sites”; Study I.D. PRS02004, 2004; Chloropicrin Manufacturers 
Task Force, CA. Performed under 40CFR Part 160 OPPTS 875 Series. 121 of 793 
pages received for this review. 

k. Yates, S.R.; Gan, J.; Ernst, F.F.; Mutziger, A.; Yates, M.V. Methyl bromide 
emissions from a covered field: I. Experimental conditions and degradation in 
soil. J. Environ. Qual. 25:184-192 (1996). 

l. Yates, S.R.; Ernst, F.F.; Gan, J.; Gao, F.; Yates, M.V. Methyl bromide emissions 
from a covered field: II Volatilization. J. Environ. Qual. 25:192-202 (1996). 

 
Besides the memoranda, academic peer reviewed literature, and regulatory science documents 
provided by DPR, Appendix A includes information I relied upon for the construction of this 
review.  As per the DPR memorandum (Gosselin, 2007; Appendix A) I have also attached a brief 
CV (Appendix B) listing my capability in responding to issues regarding field fumigation, 
environmental modeling, and atmospheric chemistry.  The main focus of this review is on 
California’s Department of Pesticide Regulation (Cal DPR) adoption of their proposed VOC 
emission factor estimations. 
 
 Areas for Review: 
 

1.  Scientific basis for estimation of emission adjustment factors 
 
The Cal DPR information provided by Barry, Spurlock, and Segawa in their memo to John 
Sanders dated April 6, 2007 thoroughly addresses their rationale for using various adjustments to 
better estimate fumigant emission factors.  As stated in their memo, the VOC tropospheric 
contribution can be derived by if the pounds of the active ingredient its emission potential can be 
reasonably established.  Additionally, a fumigant –specific application method adjustment factor 
can be applied to yield a more refined estimate of fumigant VOC contributions within a 
particular non attainment area(s). Estimations are coupled with incorporating Method Use 
Fractions (MUFs) as part of the overall VOC emission adjustment. Doing so, in the view of the 
Barry et al. can lead to the most refined estimates of fumigant VOC emissions in the five non-
attainment areas (NAAs) currently under consideration as part of the Clean Air Act.  
 
The refinements used in this memorandum for establishing method adjustment factors 
principally rely on averaged flux data from “real world” field volatilization information 
conducted in southern California supplied by registrants as part of 40 CFR Part 160 GLP 
pesticide registration requirements (chloropricrin, dazomet, 1,3-dichloropropene).  The quality 
and science of the GLP field/laboratory information provided for these field assessments are of 
the highest standards available for making informed regulatory fumigant emission decisions. 
However, the studies are few, and understandably not performed in a uniform manner when it 
comes to controlling climatic conditions, application rates, formulation, soil types, application 
conditions/equipment/ or seasonal variation.   
 
The Cal DPR memorandum by B. Johnson dated November 30, 2006 provides a clear indication 
of the assumptions and limitations required for making informed judgments based on the best 
available science.  Here, the researcher is asked to estimate emission potential factors for 1,3-
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dichloropropene for five NAAs spanning the ozone period of May through October.   
Only two GLP field volatility studies performed at different times and different soil incorporated 
shanking depths could be used for this assessment. The best available peer-reviewed literature on 
subsurface flux for 1,3-dichloropropene (Cryer, 2005 and Gan et al. 1998, see Appendix A) must 
be evaluated by this researcher to come to an informed decision on calculating (linear or non-
linear?) emission factors for non-summer and summer conditions for the five NAAs. Obviously, 
variability in estimation should be anticipated based the various assumptions and limited field 
studies, thus, estimates in calculated emission potentials should be conservatively weighed.           
    
     2.  Use of extrapolated method to determine emission factors for methods without data 
 
The work described in the above paragraph uses an interpolation from two field studies to 
estimate emission potential.  I find this acceptable. The memorandum of Barry et al., 2007 
unfortunately has to draw upon the available field volatilization studies of certain fumigants to 
develop more refined emission factors for other fumigant types to account for the effect of 
application method on May-October VOC emissions.  Here, assumptions are made when there is 
no supportive VOC emission information.  Some of these assumptions are based on available 
application method information that supports the use of a particular fumigation product.  For 
example, various State agency and industry investigators have compiled sprinkler head, drip line, 
and soil incorporated shank treatments with water sealing for applications of metam sodium.  
Intermittent watering after either sprinkler head or shank injection has been demonstrated to 
appreciably reduce surface emission of gaseous methyl isothiocyanates (MITC), presumably by 
sealing the soil, thus retarding off-gassing, especially during evening hours (see Attachment A, 
Sullivan citations).  Table 22 of Barry’s memorandum indicates that a three-fold application 
reduction factor is applied when water sealing is used in concert with either sprinkler head or 
shank injection for this product.  Barry assumes that chloropicrin and 1,3-dichloropropene soil 
treatments will also respond similarly and prescribes three fold reductions in fumigant emissions.  
Although physically it seems plausible, the physicochemical properties are different among these 
three fumigants.  What works for one, could either attenuate or enhance VOC emissions 
(although unlikely) unless verified through laboratory chamber or better, field flux 
determinations. 
 

3. Review mitigated fumigant application methods to determine feasibility and alternatives 
 
Incorporating Method Use Fractions (MUFs) as part of the overall VOC emission adjustment is 
an excellent approach. California is unique in having fairly complete PURs and County 
Agricultural Commissioners who can work with the grower community in adopting reduced 
emission technologies to protect the continued use of the fumigant for their crop needs.  This 
addition will greatly aid in making the VOC inventory more accurate.  The unfortunate side of 
this, as stated by Barry et al. 2007, Table 23, low emission methods may not be sufficient in two 
of the agriculturally important NAAs.   Therefore, in my estimation, it may be necessary to 
examine alternatives such as steps to revise the 1994 Ozone SIP to substitute reactive organic gas 
(ROG) emission reductions from California’s on-going motor vehicle control program for ROG 
emission reductions in important agricultural counties that must (for the moment) rely on 
fumigation. 
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    4.  The Bigger Picture 
 
My review has been directed so far to address the three questions raised in Attachment 2 
concerning the science behind the Barry et al. 2007 memorandum  which deals with the Court 
issued remedy of El Comité para el Bienestar de Earlimart v. Helliker (2006) requiring DPR to 
adopt regulations that will achieve a 20% reduction by January 1, 2008.  The fundamental 
question is whether in the affected non attainment California air basins, if a reduction of 8 tons 
per day of VOC from current pesticide inventory emission levels of 26 tons per day are 
realistically achievable though adoption of fumigant emission reduction best management 
practices.  As per Barry et al., 2007 DPR memo, the prospect for near-term VOC emission 
reductions seems especially problematic for two NAAs, even if the more stringent emission 
reduction tactics listed in Table 23 are immediately implemented. The 2003 inventory shows that 
the Ventura NAA had VOC levels nearly double the 1990 baseline, approximately 93% of which 
are from fumigants. As I stated earlier, it may be necessary to revise the 1994 Ozone SIP to 
substitute reactive organic gas (ROG) emission reductions from California’s on-going motor 
vehicle control program for ROG emission reductions or immediately face loosing economically 
important agricultural acreage. 
  
A second area that falls outside of the questions raised in Attachment 2 but I believe require 
attention is to better understand the reactivity of the individual active ingredients.  Under 
California’s 1994 State Implementation Plan (SIP) there are provisions for considering the 
reactivity of the individual compounds.  Many of the fumigant VOCs under review have widely 
divergent maximum incremental reactivities (MIRs) towards formation of ozone (Carter and 
Malkina, 2007; Appendix A).  If the real question is reducing troposphere ozone impacts on 
human health and plant communities, then the MIR reactivity for each of these high use 
fumigants should also be better understood in regional context.  Unfortunately, based on the 
excellent work of Carter and Malkina, certain agriculturally fumigants will fair well while others 
will not if ozone formation potential rather than VOC emissions are considered as part of an 
overall pollutant emissions factor. 

 
A third area that understandably falls outside the first three questions raised in Attachment 2 is 
the significance of biogenic VOC source contributions and their potential impacts on ozone 
levels in California basin NAAs. Based on experimental measurements, the biogenic 
hydrocarbons from many urban vegetative sources can be significantly more reactive in ozone 
formation than a typical mix of anthropogenic hydrocarbons (Benjamin and Winer, 1998).  As 
these authors state that certain tree species contribute to ozone formation in airsheds polluted 
with oxides of nitrogen, the important aesthetic and practical benefits for trees and shrubs to 
remove pollutant gases and particles improving air quality out weigh the need for reducing these 
VOC source contributions.  Similarly, benefits of fumigant use for the food supply and human 
health should also be carefully considered when developing reduced source emission tactics.   
 
In ending, I wish to commend Cal DPR in their amalgamation of air resources experts from both 
Cal DPR and Cal ARB together with the group of academic and federal agency consultants who 
contributed in the development the text for the proposed regulations of fumigant volatile 
emission compounds.   
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APPENDIX A: DOCUMENTS RELIED UPON FOR THE CONSTRUCTION OF 
THIS REVIEW   

 
Alexeeff, G.V.; Shusterman, D.J.; Howd, R.A.; Jackson, R.J. Dose-response assessment of 
airborne methyl isothiocyanate (MITC) following a metam sodium spill. Risk Analysis 
14(2):191-198 (1994). 
 
Ambient air monitoring for MITC in Kern County during summer 1993 after a ground 
injection application of metam sodium to a field; Test Report No. C92-0708, California 
Environmental Protection Agency Air Resources Board (April 1994). 
 
Ambient air monitoring for pesticides in Lompoc, California. Vol 2: Fumigants EH03-02. 
California Department of Pesticide Regulations (2003).   
 
AmVac Vapam HL soil fumigant label registration. EPA Regist. No. 5481-468 (2003). 
 
Ashworth, D.D.; Yates S.R.Surface Irrigation Reduces the Emission of Volatile 1,3-
Dichloropropene from Agricultural Soils. Environ. Sci. Technol. 41, 2231-2236 (2007) 
 
Barry, T. “Methyl Bromide Emission Ratio Groupings”; memorandum, Dec. 2, 1999; 
Department of Pesticide Regulation, CA. 
 
Barry, T. “Development of Methyl Isothiocyanate Buffer Zones Using the Probabilistic 
Exposure and Risk Model for Fumigants Version 2 (PERFUM2)”; memorandum, Jan. 27, 2006; 
Department of Pesticide Regulation, CA. 
 
Barry, T.A.; Johnson, B.R.; Segawa, R.T. Setting buffer zones for pesticide applications. 
Abstracts of Papers, 229th ACS National Meeting, San Diego, CA, March 13-17, 2005, 
American Chemical Society, Washington, D. C. (2005). 
 
Barry, T.A.; Johnson, B.R.; Segawa, R. Fumigant buffer zone development studies: Fourteen 
years of progress. Abstracts of papers, 232nd ACS National Meeting, San Francisco, CA, Sept. 
10-14, 2006, American Chemical Society, Washington, D. C. (2006).  
 
Barry, T.; Spurlock, F.; Segawa, R. “Pesticide Volatile Organic Compound Emission 
Adjustments for Field conditions and Estimated Volatile Organic Compound Reductions - Initial 
Estimates”; DPR memorandum, Apr. 6, 2007 
 
Beard, K.K.; Murphy, P.G.; Fontain, D.D.; Weinberg, J.T. Monitoring of Potential Worker 
Exposure, Field Flux and Off-Site Air Concentration during Chloropicrin Field Application; 
Study I.D. HEH 160, 1996; Chloropicrin Manufacturers Task Force, CA. 
 
Benjamin M.T., Winer, A.M. Estimating the ozone-forming potential of 
urban trees and shrubs.  Atmospheric Environ. Vol. 32. No. 1, pp. 53-68, 1998 



PROPOSED REGULATIONS FOR THE REDUCTION OF THE EMISSION OF VOLATILE 
ORGANIC COMPOUNDS OF FUMIGANTS: PEER REVIEW             Page 6 of 16 

Browne, G.T. VOC reduction and the Pacific area-wide pest management program for methyl 
bromide alternatives. Presented at the Pesticide VOC Research Symposium, VOC Emissions 
from Pesticides, California Department of Pesticide Regulation, May 22-23, 2007. 
 
Burgess, J.L.; Morrissey, B.; Keifer, M.C.; Robertson, W.O. Fumigant-related illnesses: 
Washington State’s five-year experience. Clinical Tox. 38: 7-14 (2000). 
 
Cackette, T. Notice of public meeting to consider approval of the proposed state strategy for 
California’s state implementation plan (SIP) for the federal 8-hour ozone and PM2.5 
standards. Notice of continuation, California Air Resources Board (July 19, 2007). 
 
California Air Resources Board. Ambient air monitoring for MITC in Kern County during 
summer 1993.  Eng Eval Branch, Monit Lab Div, Air Res Board. No. C92-070 (1994). 
 
Cal DPR. Pesticide air initiative: Strategy to reduce toxic and volatile organic compound 
emissions from agricultural and commercial structural pesticides. Concept paper, California 
Department of Pesticide Regulation, (July 25, 2006). 
 
Cal DPR. California management plan: 1,3-dichloropropene. California Department of Pesticide 
Regulation (Jan. 30, 2002). 
 
Cal DPR. California Proposes New Fumigant Regulations; News release, California Department 
of Pesticide Regulation (May 2007). 
 
Cal DPR proposes fumigant rules to clear the air; News release May 2007, Department of 
Pesticide Regulation, CA. 
 
Cal DPR. Field fumigant emissions reduction; Notice of proposed regulatory action, DPR Reg. 
No. 07-002, Department of Pesticide Regulation, July 2007. 
 
Cal DPR. New data requirement for liquid agricultural and liquid commercial structural-use 
pesticide products: Volatile organic compound emission data. June 7, 2005. California Notice 
2005-07 
 
Carter, W.P.L.; Malkina, I.L. (a) Investigation of atmospheric ozone impacts of selected 
pesticides. Report Contract No. 04-334, Center for Environmental Research and Technology, 
Riverside CA (Jan. 10, 2007). 
 
Carter, W.P.L Atmospheric reactivity research on selected pesticides. Presented at the Pesticide 
VOC Research Symposium, VOC Emissions from Pesticides, California Department of Pesticide 
Regulation, May 22-23, 2007. 
 
Closing loopholes: Forcing California to Reduce Pesticide-Related Smog; Summary of lawsuit 
El Comité Para El Bienestar de Earlimart v. Warmerdam, No. S-04-0882 LKK/KJM (E.D. Cal. 
2004) See El Comité para el Bienestar de Earlimart v. Helliker 416 F. Supp. 2d 912 (E.D. Cal. 
2006) filed on Feb. 22, 2006.  
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Cox, C. Fumigant Factsheet, Metam Sodium. J. Pest. Reform 26(1):12-16 (2006). 
 
Crane, M.; Whitehouse, P.; Comber, S.; Watts, C.; Giddings, J.; Moore, D.R.J.; Grist, E. 
Evaluation of probabilistic risk assessment of pesticides in the UK: chlorpyrifos use on top fruit. 
Pest. Manag. Sci. 59:512-526 (online:2003). 
 
Cryer, S.A.; Van Wesenbeeck, I.J.; Knuteson, J.A. Predicting regional emissions and near-field 
air concentrations of soil fumigants using modest numerical algorithms: A case study using 1,3-
dichloropropene. J. Agric. Food Chem. 51:3401-3409 (2003). 
 
Cryer, S.A. Predicting soil fumigant air concentrations under regional and diverse agronomic 
conditions. J. Environ. Qual. 34:2197-2207 (2005). 
 
Fan, A.M.; Marty, M. “Revised findings on the health effects of methyl isothiocyanate”; 
memorandum, Jan. 31, 2002. Office of Environmental Health Hazard Assessment, CA. 
 
Froines, J.R. Evaluation of methyl isothiocyanate (MITC) as a toxic air contaminant.  Cal. Dept. 
of Pesticide Regulations Scientific Review Panel findings. 
http//www.cdpr.ca.gov/docsempm/pubs/tac/mitc.htm (Retrieved 5/15/2002). 
 
Gan J., Yates, S.R., Ernst, F.F., Jury W.A. Degradation and volatilization of the fumigant 
chloropicrin after soil treatment. J of Environ. Qual.; 29, 5; pg. 1391 (2000) 
 
Gan, J.; Yates, S.R.; Wang, D.; Spencer, W.F. Effect of soil factors on methyl bromide 
volatilization after soil application. Environ. Sci. Technol. 30:1629-1636 (1996). 
 
Gan, J.; Yates, S.R.; Spencer, W.F.; Yates, M.V.; Jury, W.A. Atmospheric pollutants and trace 
gases: Laboratory-scale measurements and simulations of effect of application methds on soil 
methyl bromide emissions.  J. Environ. Qual. 26:310-317 (1997). 
 
Gan, J.; Yates, S.R.; Wang, D.; Ernst, F.F. Organic chemicals in the environment.  Effect of 
application method on 1,3 dichloropropene from soil and under controlled surfaces.  J. Environ. 
Qual. 27:432-438 (1998). 
 
Gao, S.; Trout, T.J. Surface seals reduce 1,3-dichloropropene and chloropicrin emissions in field 
tests. J.Environ. Qual. 36:110-119 (2007). 
 
Geddes, J.D.; Miller, G.C.; Taylor, G.E. Gas phase photolysis of methyl isothiocyanate.  
Environ. Sci. Technol. 29: 2590-2594 (1995). 
 
Gil, Y.; Sinfort, C. Emission of pesticides to the air during sprayer application: A bibliographic 
review. Atmos. Environ. 39:5183-5193 (2005). 
 
Gosselin, P.H. 2006 update of volatile organic compound emission inventory; letter, California 
Department of Pesticide Regulation (Oct. 26, 2006). 
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Gosselin, P.H. “Request for external peer review of proposed regulations for the reduction of the 
emission of volatile organic compounds of fumigants”; DPR memorandum, May 11, 2007. 
 
Green, P.G. VOCs and regional ozone: field, lab and model results. Presented at the Pesticide 
VOC Research Symposium, VOC Emissions from Pesticides, California Department of Pesticide 
Regulation, May 22-23, 2007. 
 
Guenther, A, Geron, C., Pierce, C, Lamb, B.,  Harley, P, Fall, R. Natural emissions of non-
methane volatile organic compounds, carbon monoxide, and oxides of nitrogen from North 
America. Atmos Environ. 34 (2000) 2205-2230 (1999). 
 
Hebert, V.R.; Miller, G.C.; Woodrow, J.E. Understanding the tropospheric fate of agricultural 
pesticides. Reviews of Environmental Contamination and Toxicology 181:1-36 (2004). 
 
Hebert, V.R. 2005 MITC Residential Community Air Assessment; South Franklin County, 
Washington.  Study No. FEQL NG-0605 (2006) 52 pp. 
 
Isakov, V.; Sax, T. Near-field dispersion modeling for regulatory applications. J. Air & Waste 
Manage. Assoc. 54:473-482 (2004). 
 
Isom, R.A. Pesticide research: an industry perspective. Presented at the Pesticide VOC Research 
Symposium, VOC Emissions from Pesticides, California Department of Pesticide Regulation, 
May 22-23, 2007. 
 
Johnson, B. Calculation of emission potential factors for 1,3-dichloropropene for five areas for 
periods from May 1 through October 31. November 30, 2006. DPR memorandium.  
 
Jury, W.A.; Spencer, W.F.; Farmer, W.J.  Behavior assessment model for trace organics in soil: 
I. Model description.  J. Environ. Qual. 12:558-564 (1983). 
 
Kegley, S.; Katten, A. Refining fumigant emission estimates. Presented at the Pesticide VOC 
Research Symposium, VOC Emissions from Pesticides, California Department of Pesticide 
Regulation, May 22-23, 2007. 
 
Knuteson, J.A.; Petty, D.G.; Shurdut, B.A. “Field Volatility of 1,3-Dichloropropene in Salinas 
Valley California”; Study I.D. ENV91011, 1992; DowElanco, MI. 
 
Lee, S.; McLaughlin, R.; Harnly, M.; Gunier, R.; Kreutzer, R. Community exposure to airborne 
agricultural pesticides in California: ranking of inhalation risks. Environ. Health Perspect. 
110(12):1175-1184 (2002). 
 
LePage, J.; Hebert, V.R. Optimizing fumigant efficacy while minimizing off-target volatile 
emissions. Analytical summary report, study No. FEQL 1106 (2007) 78 pp. 
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Li, L. “Determination of MITC soil flux density and emission ratio from a field following a 
tarped bed drip application of metam sodium”; memorandum, Dec. 13, 2004; 
Department of Pesticide Regulation, CA. 
 
Li, L.; Barry, T.; Mongar, K.; Wofford, P. Modeling methyl isothiocyanate soil flux and 
emission ratio from a field following a chemigation of metam-sodium. J. Environ. Qual. 35:707-
713 (2006). 
 
McConnell, L. Challenges in measuring emissions of VOCs from agricultural sources. Presented 
at the Pesticide VOC Research Symposium, VOC Emissions from Pesticides, California 
Department of Pesticide Regulation, May 22-23, 2007. 
 
Metam sodium, dazomet and methylisothiocyanate (MITC), Vol II; NRA report on the special 
review of metham sodium, dazomet and methylisothiocyanate (MITC). ISBN 0 642 26483X (vol 
II); National Registration Authority for Agricultural and Veterinary Chemicals, Kingston, 
Australia (June 1997). 
 
Miller, G.C.; Hebert, V.R. Environmental photodecomposition of residues. In Fate of Pesticides 
in the Environment, Biggar, J.W.; Seiber, J.N., Eds. Univ. of CA Division of Agriculture and 
Natural Resources Pub: 3320 (1987). 
 
Miller, G.C.; Hebert, V.R.; Miller, W.W. Effect of sunlight on organic contaminants at the 
atmosphere-soil interface. In Reactions and Movement of Organic Chemicals in Soils. 
Proceedings of a symposium of the Soil Science Society of America and the American Society of 
Agronomy, Atlanta, GA, Nov. 30-Dec.1, 1987, SSSA Special Pub. No. 22 Madison, WI, p 99-
110 (1989). 
 
Morrissey, B. USEPA Docket  ID Number EPA-HQ-OPP-2005-0125-0047. 
http://www.regulations.gov/fdmspublic/component/main (2006). 
 
NASS Agricultural chemical usage 2005 field crop summary. 
http://usda.mannlib.cornell.edu/usda/nass/AgriChemUsFC//2000s/2006/AgriChemUsFC-05-17-
2006.pdf (2006). 
 
Occupational Illness Due to Pesticide Drift From a Sprinkler Application of Metam-Sodium; 
Incident report, Dec. 20, 2001; California Department of Health Services, CA.  
 
O‘Malley, M.; Barry, T.; Ibarra, M.; Verder-Carlos, M.; Mehler, L. Illnesses related to shank 
application of metam-sodium, Arvin, California, July, 2002. J of Agromed. 10(4):27-42 (2005). 
Journal of Agromedicine, Available online at http://www.haworthpress.com/web/JA 
 
Orloff, K.G.; Kaplan, B.; Kowalski, P. Hydrogen cyanide in ambient air near a gold heap leach 
field: Measured vs. Modeled concentrations. Atmos. Environ. 40:3022-3029 (2006). 
 
Papiernik, S.K.; Yates, S.R.; Gan, J. An approach for estimating the permeability of agricultural 
films. Environ. Sci. Technol. 35: 1240-1246 (2001). 
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fumigants following subsurface drip irrigation. Poster presentation: Pan Pacific Pesticide 
Conference, June 2003. 
 
Pilling, R.L. “Carbon Disulfide Flux from Low Volume Emitter Application of Enzone®”; 
Study No. AA19, 1996; Entek Corp., CA. 
 
PMPS: Pest Management Strategic Plan for Pacific Northwest Potato Production.  Summary of a 
workshop held on February 16-20, 2002. Boise, ID. 
 
Proposed revision to the pesticide element of the 1994 ozone SIP for the Ventura County 
nonattainment area, Appendix H. (May 7, 2007). 
 
Pruett, S.B.; Myers, L.P.; Keil, D.E. Toxicology of metam sodium. J. Toxicol Environ. 
Health 4: 207-222 (2001). 
 
Report for Air Monitoring Around a Tarped Drip Irrigation Application of Metam Sodium in 
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Protection Agency Air Resources Board (May 25,2004). 
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158884, 2004; BASF Corp., NC. 
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Irrigation Applications, and Implied Worker Inhalation Exposure from Field Applications of 
Chloropicrin by Shank Injection, Drip Irrigation Systems and at Tree Replant Sites”; Study I.D. 
PRS02004, 2004; Chloropicrin Manufacturers Task Force, CA. 
 
Roush, T.L. Update To The Pesticide VOC Inventory: Estimated Emissions 1990-2004 October 
24, 2006. DPR Memorandum  
 
Saeed, I.A.M.; Rouse, D.I.; Harkin, J.M. Methyl isothiocyanate volatilization from fields treated 
with metam-sodium. Pest. Manag. Sci. 56:813-817 (2000). 
 
Seaman, N.L. Meteorological modeling for air-quality assessments. Atmos. Environ. 34:2231-
2259 (2000). 
 
Seaman, N.L. Future directions of meteorology related to air quality research. Environ. 
International 29:245-252 (2003). 
 
Segawa, R.; Schreider, J. California’s Regulatory Program for Pesticides in Air. Presented at 
Washington Pesticide Incident Reporting and Tracking Review Panel Meeting; Feb. 15, 2007. 



PROPOSED REGULATIONS FOR THE REDUCTION OF THE EMISSION OF VOLATILE 
ORGANIC COMPOUNDS OF FUMIGANTS: PEER REVIEW             Page 11 of 16 

 
Segawa, R. Current status of volatile organic compound emissions from pesticides. Presented at 
the Pesticide VOC Research Symposium, VOC Emissions from Pesticides, California 
Department of Pesticide Regulation, May 22-23, 2007. 
 
Seiber, J.N.; Woodrow, J.E.; Honaganahalli, P.S.; LeNoir, J.S.; Dowling, K.C. Flux, dispersion 
characteristics, and sinks for airborne methyl bromide downwind of a treated agricultural field.  
In Fumigants: Environmental Fate, Exposure, and Analysis; Seiber, J.N., Ed.; American 
Chemical Society: Washington D.C., 1997; p 154-177. 
 
Seiber, J.N.; Woodrow, J.E.; Krieger, R.I.; Dinoff, T. Determination of ambient MITC 
residues in indoor and outdoor air in townships near fields treated with metam-sodium. Dept 
Pesticide Regulation, Sacramento Pest Reg Doc No 50150-151, Rec No. 170403 (1999). 
 
Smelt, J.H.; Leistra, M. Conversion of metam-sodium to MITC and basic data on the behavior in 
soil. Pestic. Sci. 5: 401-407 (1974). 
 
Spurlock, F. Summary of 1990-2000 VOC Emissions Inventory Data, Version 01.12, February 4, 
2002. DPR Memorandum 
 
Spurlock, F. Analysis of the historical and revised base year 1990 Volatile organic compound 
emission inventories. December 16, 2002. DPR Memorandum 
 
Spurlock, F. Methodology for determining voc emission potentials of pesticide products January 
7, 2002. DPR Memorandum 
 
Spurlock, F. 2006 revisions to procedures for estimating volatile organic compound emissions 
from pesticides, July 18, 2006. DPR Memorandum 
 
Sullivan, D.A. Field studies in 2001 to enhance efficacy and odor management of metam-
sodium.  Presentation to: The Methyl Bromide Alter. Outreach Conf.. Nov. 2001.  
 
Sullivan, D.A.; Holdsworth, M.T.; Hlinka, D.J. Control of off-gassing rates of methyl 
isothiocyanate from the application of metam-sodium by chemigation and shank injection. 
Atmos. Environ. 38:2457-2470 (2004). 
 
Sullivan, D.A.; Holdsworth, M.T.; Hlinka, D.J. Monte Carlo-based dispersion modeling of off-
gassing releases from the fumigant metam-sodium for determining distances to exposure 
endpoints. Atmos. Environ. 38:2471-2481 (2004). 
 
Sullivan, D.A. Estimating VOC emissions from agricultural fumigants. Presented at the Pesticide 
VOC Research Symposium, VOC Emissions from Pesticides, California Department of Pesticide 
Regulation, May 22-23, 2007. 
 



PROPOSED REGULATIONS FOR THE REDUCTION OF THE EMISSION OF VOLATILE 
ORGANIC COMPOUNDS OF FUMIGANTS: PEER REVIEW             Page 12 of 16 

Thongsinthusak, T. “Estimation of exposure of persons in California to methyl 
isothiocyanate“;. Worker Health and Safety Branch, Dept. Pesticide Regulation, Sacramento, 
CA. HS-1806 (2003) 82 pp. 
 
Tomaszewska, E.; Hebert, V.R. Quantitation of spray drift and human exposure from field 
applications of Monitor on potatoes.  Analytical summary report, study No. FEQL 1202 (2003) 
45 pp. 
 
Trout, T. Tracking fumigant use in California. Presentation of the USDA Agricultural Research 
Service, San Joaquin Valley Agricultural Sciences Center, Fresno, CA (April 2007). 
 
U.S. District Court for the Eastern District of California. No. CIV. S-04-882 LKK/KJM  
El Comité para el Bienestar de Earlimart v. Helliker (416 F. Supp. 2d 912; 2006 U.S. Dist. 
LEXIS 9561) filed on Feb. 22, 2006.  
 
U.S. EPA, 2002. Addendum: User’s Guide for the Industrial Source Complex (ISC3) Dispersion 
Models. Vol. 1–User Instructions. U.S. Environmental Protection Agency. Office of Air Quality 
and Standards. Emissions, Monitoring, and Analysis Division. Research Triangle Park, North 
Carolina 27711. 
 
U.S EPA. Exposure Factors Handbook Vol. III. EPA/600/P-95/002Fc.  Washington D.C. (1997). 
 
U.S. EPA. Soil Fumigant Preliminary Risk Assessments; Background Document 
Last updated on Tuesday, May 2nd, 2006  URL: 
http://www.epa.gov/oppsrrd1/reregistration/soil_fumigants/background.htm  
 
U.S. EPA. National ambient air quality standards attainment designations for ozone 1-hour 
standard. EPA Region IX, map (June 15, 2005). 
 
Van den Berg, J.H.; Smelt, J.J.; Boesten, T.I.; Teunissen, W. Volatilization of methyl 
isothiocyanate from soil after application of metam-sodium with two techniques.  J. Environ. 
Qual. 28:918-928 (1999).   
 
Wang, D. Yates, S.R., and Ernst F.F. Calibration and testing of a dynamic flow-through chamber 
for field determination of methyl bromide volatilization flux. Atmos. Environ. Vol. 31, No. 24, 
pp. 4119-4123, 1997 
 
Wang, D.; Juzwik, J.; Fraedich, S.W.; Spokas, K.; Zhang, Y.; Koskinen, W.C. Atmospheric 
emissions of methyl isothiocyanate and chloropicrin following soil fumigation and surface 
containment treatment in bare-root forest nurseries. Can. J. For. Res. 35:1202-1212 (2005). 
 
Wang, D.; Fraedrich, S.W.; Juzwik, J.; Spokas, K.; Zhang, Y.; Koskinen, W.C. Fumigant 
distribution in forest nursery soils under water seal and plastic film after application of dazomet, 
metam-sodium and chloropicrin. Pest. Manag. Sci. 62:263-273 (2006). 
 



PROPOSED REGULATIONS FOR THE REDUCTION OF THE EMISSION OF VOLATILE 
ORGANIC COMPOUNDS OF FUMIGANTS: PEER REVIEW             Page 13 of 16 

Wang, L.; Parker, D.B.; Parnell, C.B.; Lacey, R.E.; Shaw, B.W. Comparison of CALPUFF and 
ISCST3 models for predicting downwind odor and source emission rates. Atmos. Environ. 
40:4633-4669 (2006). 
 
Woodrow, J.E.; Seiber, J.N.; Dary, C. Predicting pesticide emissions and downwind 
concentrations using correlations with estimated vapor pressures. J. Agric. Food Chem. 49:3841-
3846 (2001). 
 
Woodrow, J.; Hebert, V.R.; LeNoir, J. Monitoring of agrochemical residues in air. In Handbook 
of Residue Analytical Methods for Agrochemicals; Lee, P.W. Ed.; John Wiley & Sons, West 
Sussex, England, 2:908-935 (2003). 
 
Yates, S.R.; Gan, J.; Ernst, F.F.; Mutziger, A.; Yates, M.V. Methyl bromide emissions from a 
covered field: I. Experimental conditions and degradation in soil. J. Environ. Qual. 25:184-192 
(1996). 
 
Yates, S.R.; Ernst, F.F.; Gan, J.; Gao, F.; Yates, M.V. Methyl bromide emissions from a covered 
field: II Volatilization. J. Environ. Qual. 25:192-202 (1996). 
 
Yates, S.R.; Gan, J.; Papiernik, S.K.; Dugan, R.; Wang, D. Reducing fumigant emissions after 
soil application. Symposium: Methyl Bromide Alternatives- Meeting the Deadlines.  Pub. No. P-
2002-1021-03O, Phytopathology 92:1344-1348 (2002). 
 
Yates, S.R.; Wang, D.; Papiernik Gan, J. Predicting pesticide volatilization from soils. 
Environmetrics; 13: 569–578 (2002) 
 
Yates, S.R. Alternative methods for obtaining field-relevant emission estimates. Presented at the 
Pesticide VOC Research Symposium, VOC Emissions from Pesticides, California Department of 
Pesticide Regulation, May 22-23, 2007. 
 
Zheng, W.; Yates, S.R.; Papiernik, Wang Q. Reducing 1,3-Dichloropropene Emissions from Soil 
Columns Amended with Thiourea. Environ. Sci. Technol. 40, 2402-2407 (2006). 
 
 
 
 



PROPOSED REGULATIONS FOR THE REDUCTION OF THE EMISSION OF VOLATILE 
ORGANIC COMPOUNDS OF FUMIGANTS: PEER REVIEW             Page 14 of 16 
Appendix B: 

Vincent R. Hebert, PhD 
Laboratory Research Director, 

Food and Environmental Quality Laboratory 
Washington State University 

http://feql.wsu.edu 
Phone: 509-372-7393 (Voice); 509-372-7460 (FAX) 

Email: vhebert@tricity.wsu.edu 
 
Research/Extension Emphasis (Year 2000 to present) 

I have a long-standing interest and professional involvement in understanding the environmental fate 
and transport of trace-level organics in air. Our current area of research focuses on administration over 
a regional ambient air monitoring program for understanding implications of off-target pesticide 
movement on public health and crop injury.  Other areas of active research include: 1) developing 
analytical methods for assessing specific biomarkers useful for monitoring pesticide exposures to 
sensitive subpopulations in agricultural communities, 2) the development of field air -sampling methods 
and volatilization chamber system design for assessing fumigants, pesticides, and semiochemicals 
useful in codling moth mating disruption,  3) characterizing/isolating bioactive plant volatile emissions 
from insect herbivory that may prove useful in enhancing conservation biological control in cropping 
systems, and 4) chemically assessing sublethal concentrations of pesticides in surface waters that can 
have neurobehavioral effects on salmonids.   

A principle responsibility of my appointment is to administer over a state-mandated food and 
environmental regulatory science facility that conducts studies under federal 40CFR Part 160 Good 
Laboratory Practices (GLP).  This program houses an independent quality assurance unit and GLP 
Laboratory Coordinator to assure federal compliance.    

___________________________________________________________________________ 
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in order of relevance to PNW air monitoring concerns (2000 to Present) 
• Hebert VR and Miller GC.  Understanding the tropospheric fate of agricultural pesticides, in Reviews 

of Environmental Contamination and Toxicology, ed. G. Ware, Vol. 181 pp 1-36 (2004). 
• Woodrow J, Hebert VR, LeNoir J. “Monitoring Of Agrochemical Residues In Air.” in “Handbook of 

Residue Analytical Methods for Agrochemical Residues” (P. Lee ed., two volume series) John Wiley 
& Sons. pp. 908-935 (2003). 

• Merriman J, Hebert VR   Methyl Isothiocyanate Residential Community Air Assessment; South Franklin 
County,Washington. Bull Environ Contam Toxicol (2007) 78:17–21) 

• LePage J, Hebert VR, Tomaszewska E, McCauley L, Rothlein J.  Determination of acephate in 
human urine. J. AOAC Internat. 88: 1788-1792 (2005). 

• Tomaszewka E, Hebert VR.  Method for the determination of O,S-dimethyl thiophosphorate in urine, 
a specific biomarker for methamidophos.  J.Agric. Food Chem. 51: 6103-6109 (2003). 

• Hebert, VR.  Understanding the tropospheric transport and fate of semivolatile pest management 
chemicals. In:  Environmental Fate and Safety Management of Agrochemicals ACS Symposium 
Book Series 899, ed. JM Clark, pp 70-82 (2005). 

• Hebert, VR, Hoonhout C, Miller GC. Use of stable tracer studies to evaluate gas-phase pesticide 
photolysis at elevated temperatures.  J.  Agric. Food. Chem, Vol. 48: (2000). 1916-1921. 

• Hebert, VR, Hoonhout C, Miller GC.  Reactivity of certain gas-phase organophosphorus insecticides 
toward hydroxyl radicals at elevated air temperatures.  J. Agric. Food. Chem, Vol. 48: (2000): 1922-
1928. 

• Hebert, VR, E Tomaszewska, J. F. Brunner, V. P. Jones, and M. Doerr.  Evaluating the pheromone 
release rate characteristic of commercial mating disruption devices.  In Crop Protection Products for 
Organic Agriculture.  Environmental, Health, and Efficacy Assessment. Felsot, A.S., K. D. Racke 
(ed.); American Chemical Society Symposium Series 947, Am. Chem. Soc., Washington, DC.  pp. 
144-157 (2006). 
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• LePage J, Hebert VR*, Tomaszewska E, Rothlein,  J McCauley L.  Determination of acephate in 
human urine. J. AOAC Internat. 88: 1788-1792 (2005). 

• Weppner, S, Elgethun K, Lu C, Hebert VR*, Yost M, Fenske R.  The Washington aerial spray drift 
study: Children's exposure to methamidophos in an agricultural community following fixed-wing 
aircraft application J. Expos. Anal. Environ. Epidem 16: 387-396 (2006). 

• Tsai MY, Elgethun K, Ramaprasad J, Yost M, Felsot AS, Hebert VR, and Fenske RA. The 
Washington aerial spray drift study: Modeling pesticide spray drift deposition from an aerial 
application. Atmos Environ. 39; 6194-6203 (2005).  

• T Ramaprasad, J, Tsai MY, Elgethun K, Hebert VR*, Felsot, A, Yost MG, Fenske RA.  The Washington 
aerial spray drift study: assessment of off-target organophosphorus insecticide atmospheric movement by 
plant surface volatilization.  Atmos. Environ. 38; 5703-5713 (2004). 

Relevant Proceeding Publications, Non-Peer Reviewed 
• Hebert VR*.  Regional off-target movement of auxin-type herbicides.  Proceedings of the 

International Conference on Pesticide Application for Drift Management, Kona, Hawaii. 178-183. 
October 27, 2004. 

Peer-Reviewed Publications (in preparation) 
• Hebert VR*. Evaluation of airborne pesticide residues in Air: Wilbur Ellis agrochemical warehouse 

fire case study. Atmos. Environ 
_______________________________________________________________________________________ 

 
Abbreviated Peer-reviewed Book Chapter and Journal Publications Relevant to Air                                           

(before 2000) 
• Hebert VR*, Miller GC, Gas phase photolysis of phorate. a dithioether pesticide.  Chemosphere, Vol 

36,No. 9, pp 2057-2066 (1998). 
• Miller GC, Hebert VR*, Miille MJ, Mitzer R , Zepp RG, Photolysis  of Octochloro –p -dibenzodioxin on 

Soils: Production of 2,3,7,8-TCDD. Chemosphere, Vol 18, 1265-1274  (1989).  
• Miller GC, Hebert VR*, Miller WW, "Effect of Sunlight On Organic Contaminants at the 

Atmosphere-Soil Interface", in Reactions and Movement of Organic Chemicals in Soils, Eds. BL 
Sawhney and K Brown.  Soil Sci. Soc. Amer. Special Pub. 22: 99-110. (1989).  

• Miller GC, Hebert VR*, "Environmental Photodecomposition of Residues", in Fate of Pesticides in the 
Environment, J.N. Seiber (ed).  Univ. of CA, Div. of Agric. and Nat. Res.  Pub: 3320. 88-96 (1987). 

• Miller GC, Hebert VR*, Zepp RG, "Surfaces and Hydrophobic Pollutants", (View Section).  Environ. 
Sci. Tech. Vol 21 (12) 1164-1167 (1987). 

Relevant Air Related Abstracts (Year 2000 to present) 
• Hebert VR, Merriman J, LePage J. MITC residential air assessment in Franklin County, Washington. 

232st American Chemical Society Meeting, Agrochemical Division, San Francisco, CA (2006). 
• Merriman J, Hebert VR. 2005 MITC near-field air assessment; Franklin County, Washington. 232st 

American Chemical Society Meeting, Agrochemical Division, San Francisco, CA (2006). 
• Hebert VR, Amos G, LePage J.  Regional off-target movement of auxin-type herbicides in the Pacific 

Northwest. . 229tht American Chemical Society National Meeting, San Diego, CA (2005). 
• Hebert VR. Regional off-target movement of auxin-type herbicides.  International Conference on 

Pesticide Application for Drift Management. Kona Hawaii, October 27, 2004. 
• Hebert VR, Brunner J, Jones V, Doerr, M, and E Tomaszewska. 2004. Pheromone mating disruption: 

Assessment of commercial release systems. Presentation: 227th American Chemical Society National 
Meeting, Anaheim, CA   
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• Holshue K, Sanford C, LePage J, Hebert VR, 2004. Evaluation of Airborne Herbicide Movement to 

Winegrapes. 227th ACS National Meeting, Anaheim, CA.  
• Hebert,VR.  Understanding the tropospheric transport and fate of semivolatile pest management 

chemicals. 3rd Pan Pacific Conference on Pesticide Science, Honolulu, HA, June 1-4, 2003. 
• Hebert VR, V. Jones, and J. Brunner.  Environmental dissipation of codling moth pheromone.  

Presentation.  225th American Chemical Society National Meeting, New Orleans, LA (2003).  
• Tomaszewska E, Hebert VR, Brunner J.  Release behavior of field applied pheromone devices. 

Poster. 225th American Chemical Society National Meeting, New Orleans, LA (2003). 
• LePage J and Hebert VR.  Impact of airborne herbicide residues on wine grape production. Poster. 

225th American Chemical Society National Meeting, New Orleans, LA (2003). 
• Elgethun, K., Fenske, R., and Hebert VR. 2002. Integration of GPS/GIS and environmental 

monitoring in sampling plan to characterize children's exposure to methamidophos.  Presentation: 
International Society of Exposure Analysis, Vancouver, Can.  

• Hebert VR, C. Hoonhout and GC Miller.  Assessing the reactivity of pesticides in air.  Keynote 
presentation. 221st American Chemical Society National Meeting, San Diego, CA (2001). 

• Miller GC and Hebert VR. Reactivity of elemental mercury in the atmosphere. 221st American 
Chemical Society National Meeting, San Diego, CA (2001). 

• Hebert VR, Impact of Airborne Herbicide Residues on Wine Grape Production.  Washington Pest 
Consultants Consultants Association, (2001) 

__________________________________________________________________________ 
 

Abbreviated PNW Air Monitoring/Exposure Technical Publications, in order of relevance to 
understanding air monitoring/exposure (2000 to Present) 

• V Hebert, J Merriman, and J LePage.  MITC residential community air assessment; south Franklin 
County, Washington. Report No. FEQL-NG-0605 52 pp (2006)  

• E Tomaszewska, J LePage, and VR Hebert. Evaluation of Airborne Pesticide Residues in Air: Wilbur 
Ellis Pesticides Warehouse Fire Study. Washington State Department of Ecology; No.: FEQL-NG-
0105, 50 pp (2005).  

• E. Tomaszewska and VR Hebert.  Quantitation of spray drift and human exposure from field 
applications of Monitor® on potatoes.  University of Washington technical report: Analytical 
Summary Report FEQL 1202.  45 pp. (2003).  

• J. LePage, VR Hebert.  Quantification of acephate and methamidophos in human urine.  Analytical 
Summary Report. Oregon Health Science University technical report: FEQL-NG-0503. 45 pp. (2004). 

•  J. LePage, V. Hebert.  Evaluation of MITC in tank waste and soil debris samples.  Report No. FEQL-
1006. 26 pp. (2006) 

• J. LePage, VR Hebert. Year 2001 Impact of Airborne Herbicide Residues on Wine Grape Production. 
WSDA Technical Report. FEQ-NG-0301. 82 pp (2002). 

• J. LePage, VR Hebert, 2004. Year 2003 Adverse Effects of Herbicide Off-Target Transport on Wine 
Grape Vineyards: Walla Walla Valley. US EPA Region 10 Analytical Summary Report, FEQL N0. 
NG-0103, 81 pp. (2004). 

• J LePage, E Tomaszewska, and VR Hebert. Year 2004 evaluation of release rates from field-aged 
dispensers by volatile trapping. Report No. FEQL-NG-0203. 47 pp (2005).   

• JF Brunner, VR Hebert, J LaPage and M Doerr. Residual Analysis of Codling Moth Pheromone 
Dispensers – 2004. unpublished report, 41 pp.(2005) 

• Tomaszewska , VR Hebert.  Year 2001 Assessment of Pheromone Disruption Compounds from Field 
Aged Dispensers. Report No. FEQL-NG-0902. 25 pp (2002). 

• E. Tomaszewska , VR Hebert.  Year 2002 Assessment of Pheromone Disruption Compounds from 
Field Aged Dispensers. Report No. FEQL-NG-0201. 26 pp (2002).  

• J. LePage, VR Hebert. Evaluation of release rates from emulsion dispensers by volatile collection. 
UC Berkeley Report No. FEQL-0306. 31pp (2006) 
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